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Abstract

Background: Allergic rhinitis (AR) represents a growing global public health burden, with its prev-
alence rising steadily. The association between dietary micronutrients and AR development re-
mains controversial, and findings from previous studies are inconsistent. Methods: Using nationally
representative data from the 2005~2006 US National Health and Nutrition Examination Survey
(NHANES), we conducted a cross-sectional analysis of 6,336 US participants with complete data on
dietary intake and 19 serum specificimmunoglobulin E (sIgE) allergen measurements. A total of 15
vitamins and minerals were evaluated. We applied physiological intake grading criteria based on
the Dietary Reference Intakes (DRIs), and adopted restricted cubic spline (RCS) models to explore
non-linear dose-response relationships between the variables. Results: After multivariable adjust-
ment, higher dietary vitamin K intake was cross-sectionally associated with higher odds of allergic
rhinitis. A non-linear dose-response association pattern was identified between vitamin C intake
and AR. No statistically significant associations were observed for vitamin A, vitamin E, B vitamins,
calcium, magnesium, zinc, or selenium with allergic rhinitis. Conclusions: Vitamin K and vitamin C
intake do not show a single uniform protective association with allergic rhinitis; rather, their un-
derlying association patterns with the disease are more complex. Further prospective studies are
warranted to clarify the temporal sequence of causality, verify the above associations, and rule out
reverse causation bias.
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Primary analysis
Group A vs. Groups B+C+D

Figure 1. Flowchart of participant selection
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Table 1. Operational definition of study groups based on serum specific IgE and symptom status NHANES 2005~2006, N =

6336)
= 1. ETMEFRERRIRER EGlegE) STERRSHIM R 5748 18 EE X (NHANES 2005~2006, N = 6336)

sIgE status Symptom status Weighted population

. o . .
Group (>035KU/L)  (past 12 months) Unweighted n(%) estimate * Study classification
. o AR case (definite
A Positive (+) Positive (+) 1125 (17.8) 47,688,376 allergic rhinitis)
Non-AR control
B Positive (+) Negative (—) 1933 (30.5) 62,348,171 (asymptomatic
sensitization)
Non-AR control
C Negative (—) Positive (+) 844 (13.3) 40,070,675 (non-allergic rhinitis
symptoms)
D Negative (-) Negative () 2434 (38.4) 97,556,224 Non-AR control

(healthy control)

Note: sIgE, serum-specific immunoglobulin E; The weighted estimate represents the projected U.S. non-institutionalized ci-
vilian population; The primary analysis compares Group A (AR cases) vs. the combined Groups B, C, and D (non-AR controls).
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A FGE RA% = R ATHE SRR IR R I B e TT R GRYE T, IR FEXT R LRAFAE S 15 FhgEE
RETYHRETEESERANEIRADARAE: RO THRE R T 00, RN Z AR logistic [F]
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3.1. STEERRNELSHE

AN 6336 LR FEN G, MBUGARE A KL 2.477 ACAEN IR JE B, oA i etk & 2054 /5 19.26%
(InAL N =47,688,376), *t B4 5 80.74% (N4 N =199,975,071). ZHimbbit B, i &R H KRR
P LR 2 TR (3.19vs 3.01, P=0.021); 4E#. PRI, Ak, K& ZES. BMI. MG & 5K FAE
PR TEGE 22 22 5 (TG P A > 0.05), PEILE 2.

Table 2. Population characteristics of allergic rhinitis cases and non-allergic rhinitis controls

3 2. WM BLHGIE SIS HE BT RARNBHE

AR cases (Group A) Non-AR controls
Characteristic N= 21;?22131,447 wﬁ?é'éﬁiyf wei(g(ill:e)zlllﬁ i ;95,;72)071 P-value
unweighted n = 1125 unweighted n = 5211
Age, years (Mean + SD) 40 + 21 39+18 1,125 (17.8) 0.057
Sex, % 0.091
Male 47.7 50.8 46.9
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Female 523 49.2 53.1
Race/Ethnicity, % 0.350
Mexican American 9.1 7.3 9.5
Other Hispanic 2.7 3.0 2.6
Non-Hispanic White 71.0 72.1 70.8
Non-Hispanic Black 11.9 12.0 11.9
Other Race 5.3 5.5 52
Family PIR (Mean + SD) 3.05+1.58 3.19+ 1.64 3.01 +1.56 0.021
BMI, kg/m? [Median (Q1, Q3)] 26 (23,31) 27 (23, 32) 26 (22,31) 0.055
Examination Season, % 0.345
Nov 1~Apr 30 41.6 43.7 41.1
May 1~Oct 31 58.4 56.3 58.9
Cotinine (Mean + SD) 54+£119 51+124 54 +£118 0.588

3.2. BMUEE RN YRR R

%3 RN B S R IR TR R IRANNE O, AR R S 50T AAH R E RN 43 AT 5 0 45 2E B
Fath 5, A LRERERES. BAIFET 2005~2006 4F 5 [F @558 F#A0 24 WIEIE, W T
B B g 2 5 AR R O B R AR E SRR L. TR SRR R E R RS HIMA S ETEHE 745
N, AR DG I B ERANE S 2 m AR, BEBANEE UNERRRAE
TP FEERTHEERAE, REAEBERNA L in 88 758 77 WU

MRS, WAANBFYHEIEERZBAN L SN RINE A E4EERTH, WANFRE
HE R SN AEA R B SRS B R EE A 86.5%. AR B AR NHFTE 87.4%M RN E
KT PYFEE. 4R A SHER CIRAALKIFRB A4 E R A 48.1% vs 38.7%; 44 %
C: 45.6% vs 38.3%). P2 NFHENHER 6 N\ Ik 5 ) Bt [0 59 o8 ek Al v B 98 2 24.4%, ST HRAH 24.2%);  HHR
T E R S R £ 5% R TP IR 1 (14.2% vs 13.8%)

WA TT I, PN R R A s, B A R B S R B 5 R A% & E ) sllis
46.0%F1 54.3% o BEAFAEXLAIERN RS, 39.2% 1 it Bt 5 8 53, 55.2% AR fltE & 6 ATFEETR AN 2
[FIS 2370 31.0% 20.7% M ABESEE N & o BRIGN 0B DUR R A BN 3, 1l e i Rl & 48 8
HRARF IR (EE S 34.9%, XTHRALN 22.2%). AR R BER R, S HNBRFAAR LS
I B e 35 4 T AR K

3.3. HREERMT YRS THMB K Z BRI KEK

AR AL Z AL & logistic IR, 73 7 &R E4EAE R TR E S EHBIES R 21
KIR(F 4). RSB 4, ZEEERIE. SR A4EE R K IMANE/EM 1 Mz,
i i 8 K v 6 FROms J LR A S (OR = 1.26, 95% CI: 1.09~1.45, P = 0.003). A BRI (BAY 1) f2 #5)
AR 2, 3) LRI AR R EE (A P<0.05). fEEEHBEHM T, f4RK CIRAES
IR B R RIS IEA DG, B 4 SR EIR, SRERIE. MEEFESER4EE R C AR 1
ANbrdEZE, LB K BRI OR THE 12% (OR = 1.12,95% CI: 1.01~1.24, P=0.037). 4% 13 Mgt &
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Table 3. Comparison of overall nutrient intake in patients with allergic rhinitis against the US dietary reference intakes

F3APEMBRBEBNERZBANESXEERERRZSEZRAEIL

Nutrient va::‘glh‘:‘etglg 9};’;‘;; 3,57]? Median (IQR) Ei;’{l“&) ixg)%;:ﬁy Ab‘(’:/:)UL
o
Vitamins
Vitamin A (mcg RAE) 706.53 + 587.39 586 (381.5~911.5) 38.7 19.4 1.4
Vitamin C (mg) 92.64 £ 74.32 70.6 (38.2~124.6) 383 10.9 -
Vitamin E (mg) 7.61+4.19 6.9 (4.7~9.6) 86.5 6.7 -
Vitamin K (mcg) 110.13 £ 123.45 74.6 (46.9~120.4) - - -
Vitamin B6 (mg) 2.12+1.16 1.9 (1.4~2.6) 14.5 8.7 -
Vitamin B12 (mcg) 6.38 £6.93 5.0 (3.1~7.6) 9.2 6.0 -
Folate (mcg DFE) 605.33 +378.99 525.5 (361~739.5) 18.4 12.1 14.2
Niacin (mg) 26.43 £12.70 24.0 (17.7~32.0) 43 6.7 244
Minerals
Magnesium (mg) 302.08 +124.80 283.0 (215.0~368.5) 39.2 18.3 31.0
Calcium (mg) 1036.26 + 522.69 952.0 (652.5~1299.0) 46.0 12.6 2.1
Phosphorus (mg) 1405.91 £ 591.53 1328.5 (993.0~1694.5) 7.2 6.1 0.5
Copper (mg) 147 +1.13 1.3 (1.0~1.7) 7.8 10.6 0.5
Iron (mg) 17.56 +9.27 15.8 (11.4~21.0) 6.1 34.9 1.5
Zinc (mg) 13.73 + 8.39 11.7 (8.4~15.8) 12.4 10.4 2.2
Selenium (mcg) 117.89 +£56.73 110.6 (79.8~140.8) 2.5 4.3 0.4
Note: The data marked with “—" indicate that according to the DRIs, the corresponding EAR or UL for this nutrient cannot
be obtained or is not applicable. “"Marginal inadequacy = above the EAR but below the RDA.
Table 4. Associations between various micronutrients and allergic rhinitis
T4 BAWEBEFRSLHEBRHIKEK
Model 1 Model 2 Model 3 Model 4
Nutrient P. P-
OR(95% CI) P-value OR(5%CD .~ =~ OR(©5%CD . =~ OR(95%CI) P-value
Vitamin A 1.16(0.97,1.38) 0.106 1.20(0.97,1.47) 0.082 1.14(0.92,1.42) 0.206 1.16(0.94,1.44) 0.162
Vitamin C ~ 1.06 (0.96, 1.17) 0.235 1.09 (0.98, 1.21) 0.089 1.10(0.99,1.22) 0.069 1.12(1.01, 1.24) 0.037
Vitamin E ~ 1.13 (0.95, 1.36) 0.153 1.19(0.98,1.46) 0.076 1.18(0.94,1.47) 0.145 1.20(0.94,1.52) 0.131
Vitamin K 1.22(1.08, 1.37) 0.004 1.28(1.12,1.47) 0.001 1.26(1.10,1.45) 0.003 1.26 (1.09, 1.45) 0.003
Vitamin B6  1.09 (0.86, 1.40) 0.438 1.12(0.89,1.40) 0.327 1.10(0.87,1.40) 0.382 1.12(0.89,1.42) 0.318
Vitamin B12  1.14 (0.90, 1.45) 0.241 1.16(0.91, 1.46) 0.210 1.12(0.87,1.44) 0.364 1.13(0.88, 1.45) 0.309
Folate 1.23(0.97,1.56) 0.085 1.23(0.97,1.56) 0.078 1.20(0.93,1.54) 0.149 1.22(0.93,1.61) 0.140
Niacin 1.06 (0.78, 1.45) 0.678 1.04(0.78,1.39) 0.778 1.02(0.74,1.41) 0.901 1.01(0.73,1.41) 0.928
Magnesium  1.09 (0.80, 1.48) 0.575 1.25(0.85,1.83) 0.236 1.17(0.79,1.76) 0.407 1.19(0.79,1.80) 0.383
Calcium 1.29(0.93,1.79) 0.118 1.32(0.93,1.87) 0.109 1.27(0.89,1.83) 0.175 1.30(0.89, 1.90) 0.166
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Phosphorus ~ 1.10(0.68, 1.78) 0.672 1.16 (0.68,1.99) 0.563 1.07 (0.61,1.87) 0.810 1.06 (0.61, 1.87) 0.817
Copper 1.24 (0.86,1.80) 0.226 1.37(0.93,2.02) 0.100 1.33(0.87,2.02) 0.173 1.33(0.86,2.05) 0.181
Iron 1.30(0.98,1.73) 0.068 1.32(1.00,1.75) 0.052 1.27(0.94,1.70) 0.108 1.31(0.95,1.80) 0.097
Zinc 1.15(0.79, 1.68) 0.429 1.17(0.80,1.70) 0.387 1.12(0.76,1.65) 0.530 1.12(0.76, 1.66) 0.528
Selenium 1.40 (0.98,2.00) 0.060 1.44(1.00,2.07) 0.051 1.39(0.98,1.96) 0.064 1.35(0.94,1.92) 0.096

Note: Model 2: Adjusted for sex (RIAGENDR), age (RIDAGEYR), race/ethnicity (RIDRETH1), and examination season
(May~October vs November~April) (RIDEXMON); Model 3: Adjusted for Model 2 covariates + family income-to-poverty
ratio (INDFMPIR); Model 4: Adjusted for Model 3 covariates + BMI (BMXBMI) and serum cotinine level (LBXCOT).
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Note: (a) Dose-response relationship for vitamin K intake, which showed a stable positive trend between intake level and AR;
(b) Dose-response relationship for vitamin C intake, which exhibited a significant non-linear association with AR (Wald test
for non-linearity, P < 0.05); All models were adjusted for examination season, sex, age, race/ethnicity, family PIR, serum
cotinine level, and BMI; The solid red line represents the adjusted OR, and the shaded red area represents the corresponding
95% CI; The median intake of each nutrient was used as the reference value (OR = 1.0).

Figure 2. Restricted cubic spline model for the dose-response association between dietary micronutrient intake and allergic

rhinitis
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